moisture-retaining effects (10) and highly water-holding emollient (11) (12) (13) have been launched on the market. Despite these products available on the market, there are still many people who suffer from lip drying. Since lipsticks are oily bases, it is difficult to add hydrophilic moisture-retaining components in large amounts due to their low compatibility with oily components, etc. Furthermore, since many humectants have their specific taste, the taste becomes a problem when such agents are added in large amounts to lipsticks. Therefore, it has been desired to develop lipstick bases, which have an excellent moisture-retaining effect.
We recently found that dimethyl ether of random copolymer of ethylene oxide and propylene oxide (EPDME) can solve the problems described above.
This paper presents the characteristics of EPDME, which can exert excellent skin-caring effects (moisture retention, prevention and improvement of dry skin, etc.) when added to not only aqueous but also oily bases.
2 Experimental 2 1 Materials EPDME used in this study was synthesized as follows. Propylene glycol and potassium hydroxide as a catalyst were placed in an autoclave. After the air in the autoclave was replaced with dry nitrogen, the catalyst was completely dissolved at 140 while stirring. Then, a mixture of ethylene oxide and propylene oxide was added drop wise thereto by a dropping apparatus and stirred for 2 h. Thereafter, potassium hydroxide was placed therein. After the atmosphere in the system was replaced with dry nitrogen, methyl chloride was poured thereto under a pressure at a temperature of 80-130 to react for 5 h. The reaction mixture was taken out from the autoclave, neutralized with hydrochloric acid to pH 6-7, and treated at 100 for 1 h under a reduced pressure-0.095 Mpa (50 mmHg) in order to remove the contained moisture. Further, in order to remove the salt produced after treatment, filtration was performed to obtain the alkylene oxide derivative of Fig. 1 .
The structure of the obtained EPDME described above was analyzed by Infrared (IR) absorption and NMR spectra. IR spectrum was measured on a Magna 560 spectrometer (Thermo Electron, Yokohama, Japan). NMR experiments were performed on a JEOL JNM ECP-400 spectrometer (JEOL, Tokyo) operating at 395.88MHz for 1 H and 99.00 MHz for 13 C, equipped with a 5 mm diameter probe. Dueterium oxide (99.9 atom % D) and Chloroform-d (minimum 99.96 atom % D) were purchased from Sigma-Aldrich Japan co., LTD., Tokyo, Japan. The chemical shifts were expressed with respect to 3-(Trimethylsilyl) propionic 2, 2, 3, 3-d 4 acid, sodium salt (TSP, (d = 0.00) as an internal reference for 1 H NMR and 1,4-Dioxane (d = 67.40) as an external reference for 13 C NMR.
The molecular weight of EPDME (14/7) was calculated using the hydroxyl value of the intermediate which was obtained after the additional reaction with ethylene and propylene oxide before methyl ethyl reaction. The molecular weight was calculated by the following equation.
Molecular weight = 56.1 2/(hydroxyl value) 1000
The hydroxyl value of the intermediate EPDME (14/7) before methyl ether reaction was 106.6, and then, the molecular weight was calculated to be 1053. The intermediate obtained dimethyl ether (MW:28), and eventually the molecular weight of EPDME (14/7) was calculated to be 1081. Figure 1 shows the basic structure of EPDME used in this study. The m/n ratio is variable. EPDME (14/7), shown as (a) of Fig. 1 , was used for aqueous bases. EPDME (36/41), shown as (b), was used for oily bases. Both were synthesized and purified before added to base.
366
J. Oleo Sci., Vol. 55, No. 7, 365-375 (2006) propylene Dimethyl Ether (EPDME). Two different kind of EPDME were used in this study, (a) polyoxyethylene (the number of molecules : 14)/polyoxypropylene (7) dimethyl ether (EPDME (14/7)) and (b) polyoxyethylene (36)/polyoxypropylene (41) dimethyl ether (EPDME (36/41)). EPDME (m/n), where m and n represent the average molecular ratio of ethylene oxide and propylene oxide. EPDME is a random copolymer of ethylene and propylene oxide.
In addition, a commercially available glycerol (Sakamoto Yakuhin Kogyo, Osaka, Japan), 1,3-butane diol (Daicel Chemical Industries, Osaka), and 2-cetyl ethylhexanoate (Nikko Chemicals, Tokyo) were used without further purification.
The Solubility of EPDME
The solubility of EPDME (14/7) and EPDME (36/41) in various solvents was examined and compared with glycerol. At 24 , each sample was added in concentrations of 1%, 30%, and 50% to various solvents, and the solubility was evaluated 1 h later by naked eye.
3
The Equilibrium Moisture Content of EPDME At 24 and a relative humidity (RH) of 92%, EPDME (14/7), EPDME (36/41), glycerol (a humectant), and 2-cetyl ethylhexanoate (an oily component) were left standing until equilibrium (192 h). The moisture absorption of each sample (weight of water contained in 1 mol of each sample) was evaluated.
4 The Surface Tension of EPDME
Surface tension of EPDME (14/7) and EPDME (36/41) were measured by Wilhelmy method using a Dynamic Contact Angle Meter and Tensiometer 21 (DataPhysics Instrument, Filderstadt, Germany). All aqueous solutions were immersed in a constant temperature water bath of 25 for 2 h before measuring the surface tensiometer. Critical micellization concentration (CMC) was determined from the break points of the surface tension curves.
5 The Sticky Feeling by Rolling Friction
Measurement The adhesive property of EPDME (14/7), glycerol, and 1,3-butane diol were evaluated by a modified friction tester equipped with a roller probe (14) . At 25 and 50% RH, each sample (10 mL) was dropped onto the tester, and the 5-min mean friction was measured.
6
The Moisture Retention Property of EPDME The moisture retention property of sample was evaluated by 8 healthy volunteers. The inner forearm of panels was washed with soap, followed by the application of 10% aqueous solution of each sample (the final dose: 2 mL /cm 2 ) at 24 and 46%RH. Two hours later, the moisture content in the stratum corneum of the sampleapplied area was measured by a stratum corneum hydrometer, Corneometer CM825 (C+K Electric, Koln, Germany) (15).
7 Efficacy of EPDME for Experimental
Dry Skin For evaluating the effect of the test substance on the dry skin induced artificially with sodium dodecyl sulfate (SDS), 100 mL of 5% SDS was applied to the inner forearm of healthy volunteer (n = 9) for 10 min (16) (17) (18) (19) (20) . The applied site was washed with water, and then the sample was applied in appropriate amounts. This treatment was repeated for 5 days. On the 6th day, the sample-applied area was washed with soap, and the physiological parameters of skin were evaluated 20 min later. The water content of stratum corneum was measured by Corneometer CM825. The trans-epidermal water loss (TEWL) was measured by a special instrument for TEWL, Tewameter TM210 (C+K Electronic) (21).
8 The Glycerol Permeation through the Stratum Corneum
The inner forearm of healthy volunteer (n = 4) was washed with soap. Then, either 10% glycerol or 10% glycerol with 5% EPDME (14/7) was applied to the skin (the final dose: 1 mL /cm 2 ). Four hours later, the solution-applied area was washed, and the stratum corneum was collected by tape stripping procedure. Glycerol was extracted with 10 mL water, and the amount of the glycerol was measured by HPLC with a pulse type electrochemical detector, Nanospace Pulsed Amperometric Detector 3016 (Shiseido, Tokyo).
9 Confirmation of the Efficacy of Lotion
Contain EPDME in Winter Males with dry skin (n = 20) in winter (March to April 2002 in Yokohama) used a lotion containing 3% EPDME (14/7) with 7% glycerol or a lotion containing 7% glycerol once or more times a day (in morning and / or evening) for 4 weeks. Each panel applied one of these two cosmetics to the half of his face and the other cosmetic to the other half of his face. Four weeks later, the water content in the stratum corneum and TEWL were measured at 24 and 46% RH by Corneometer CM825 and Tewameter TM210, respectively. The skin surface morphology was evaluated by two-dimensional image analysis of the skin replica prepared with sili-367 J. Oleo Sci., Vol. 55, No. 7, 365-375 (2006) T. Ohmori, Y. Yamamura, K. Nakahara et al.
cone rubber. As parameters of skin texture, the anisotropy of skin furrows (VC1) and the average of skin roughness (KSD) were evaluated (22) (23) (24) (25) . During the test period, panels were forbidden to use any other cosmetics to their face.
10
The Lip Moisture Retention of EPDME At 25 with 50% RH, the lip of healthy volunteers (n = 8) was washed with water, and then lipsticks containing with and without 5% EPDME (36/41) were applied to the left and the right half of the lip, respectively. Two hours later, the lipstick was wiped off by tissue papers from the lip, and the conductance was measured with a stratum corneum hydrometer, SKICON-200 (IBS, Shizuoka, Japan) (26, 27).
11 Confirmation of the Efficacy of EPDME for Lip
Twenty females with dry lip skin were divided into two groups (10 each). The former and the latter groups used a lipstick containing with and without 5% EPDME (36/41) lipstick three times a day for 2 weeks (June 2002 in Yokohama), respectively. Then, the improvement of dryness of the lips was evaluated through measuring the moisture content in a stratum corneum by SKICON-200 and photographs.
Result 1 Characterization and Estimation of the Molar Ratio (N EO /N PO ) of EPDME
The result of the structural analysis of EPDME (14/7) was shown below. IR, 1 H NMR, and 13 C NMR spectra of EPDME (14/7) are used to calculate the ratio of ethylene oxide (EO) and propylene oxide (PO) random copolymer of EPDME (14/7) ( Fig. 2, 3, and 4) . These spectra data of EPDME (14/7) are as follows. EPDME (14/7):IR (neat, cm -1 ):2970 (n C-CH 3 3 .37 (6.00H, s, -OCH 3 , terminal methyl), 3.40-4.07 (82.15H, -CH 2 CH 2 O-, EO and -CH(CH 3 )CH 2 O-, PO). 13 Consequently, as the conclusion concerning molar ratio (N EO /N PO ), it was confirmed assumed that EPDME (14/7) has been synthesized according to its designed structure.
2 The Solubility of EPDME
Glycerol, which serves as a standard humectant, is soluble in water and insoluble in oil.
On the other hand, EPDME was found to be soluble in both water and oil ( Table 1) . Figure 5 shows the moisture absorption (g/mol) of EPDME compared with glycerol or emollient oil. The higher value indicates that the capacity to retain mois-ture becomes greater. The oily component 2-cetyl ethylhexanoate showed hardly any moisture-retaining capacity, while EPDME (14/7) and EPDME (36/41) showed a higher moisture-retaining capacity than that of glycerol. Figure 6 shows the surface tension data of EPDME (14/7) and EPDME (36/41). Although EPDME showed a surface tension reducing ability, no break point corresponding to CMC were found with increasing in concentration. The result indicated that EPDME (14/7) and EPDME (36/41) have a little surface activity. Figure 7 shows the rolling friction data of EPDME compared with the other humectants. It is known that, if the rolling friction of a cosmetic becomes lower, the cosmetic gives less sticky feeling. EPDME (14/7) was significantly less adhesive than glycerol. The adhesion property of EPDME (14/7) was comparable to that of 1,3-butane diol which is one of the widely used humectants with good texture. Figure 8 shows the moisture content of the stratum corneum after 2 h an application of 10% aqueous solution of each sample. Higher moisture content of the stratum corneum shows higher moisture-retaining effects to the skin. Moisture-retaining effects of aqueous EPDME (14/7) solution were significantly higher 369 J. Oleo Sci., Vol. 55, No. 7, 365-375 (2006) than that of aqueous 1,3-butane diol solution, and was comparable to that of aqueous glycerol solution (known to have high moisture-retaining effects of the skin). Figure 9 (A) shows the evaluation of efficacy of EPDME for experimentally induced dry skin based on the moisture contents of the stratum corneum. Greater moisture contents show more effective prevention of skin drying. Comparing with the SDS-treated skin areas (the control), the skin areas treated with EPDME (14/7) showed significantly higher moisture contents in the stratum corneum, indicating that EPDME (14/7) prevented the SDS-induced skin drying. It was also demonstrated that the effect on preventing skin drying 370 J. Oleo Sci., Vol. 55, No. 7, 365-375 (2006) was enhanced synergistically by applying EPDME (14/7) in combination with glycerol, as compared to the group where either glycerol or EPDME (14/7) was applied. Figure 9 (B) shows the efficacy of EPDME for the experimentally induced dry skin based on the TEWL. A low TEWL shows a high barrier function. As compared to the SDS-treated skin area, the areas treated with EPDME (14/7) with or without glycerol showed significantly higher barrier function, suggesting that EPDME (14/7) prevents the SDS-induced damage of the barrier of stratum corneum. Figure 10 shows the quantity of glycerol permeation across the stratum corneum. The use of EPDME (14/7) in combination with glycerol resulted in approximately 40% increase in glycerol contents in the stratum corneum, as compared to the only glycerol applied group. This result indicates that EPDME (14/7) allows more facilitate the permeation of glycerol across the stratum corneum.
The Equilibrium Moisture Content of EPDME
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Lotion Containing EPDME Higher moisture contents in the stratum corneum indicate higher improvement of skin drying. Lower TEWL indicates higher barrier-function. Lower VC1 or higher KSD indicates better improvement in the facial skin surface texture.
As shown in Table 2 , the use of the lotion composed of EPDME (14/7) and glycerol for 4 weeks resulted in significant improvements in the moisture contents of the stratum corneum and TEWL, as compared to their baseline levels before use. The skin surface morphology was also improved significantly. These results suggest that the daily use of the lotion composed of EPDME (14/7) and glycerol can significantly improve dry skin. Table 3 compares the results of the lotion containing EPDME (14/7) with the lotion containing only glycerol. The lotion composed of EPDME (14/7) and glycerol was found to improve moisture contents in the stratum corneum and TEWL significantly. Although the change in the facial skin texture was very similar in both 371 J. Oleo Sci., Vol. 55, No. 7, 365-375 (2006) lotions, the average of skin roughness (KSD) tended to increase in the EPDME (14/7) with glycerol applied group. Figure 11 shows the moisture contents in the stratum corneum of lips. Higher values indicate higher moisture-retaining effects. Lipsticks containing EPDME (36/41) showed to have significantly greater moistureretaining effects than lipsticks without EPDME (36/41). Figure 12 shows the effect of EPDME (36/41) on the change of the moisture contents in the stratum corneum of the lip after two-week daily application. Figure 13 shows the actual photographs of the lip before and after use of the lipstick. The use of the lipstick containing EPDME (36/41) resulted in significantly higher moisture contents in the stratum corneum than that of the lipstick without EPDME (36/41). This relation resembled to the relationship shown in Fig. 11 . The pictures shown in Fig. 13 also indicate that the dry skin was improved by daily use of this lipstick.
10 The Lip Moisture Retention of EPDME
11 Confirmation of the Efficacy of EPDME for Lip
Discussion
It is difficult to develop cosmetic raw materials that can be used in products including both aqueous and oily bases without troubles. When EPDME was formulated in lotions, it gives less sticky feeling, while it exerted high efficacy to skin (e.g., high moisture-retaining effect, prevention of dry skin, and significant improvement of dry skin by daily application). Furthermore, since EPDME is well soluble in oil, it can be used in lipsticks, which are composed of oily bases. Lipsticks containing EPDME showed high moisture-retaining effects and allowed dry lips to obtain healthy condition markedly by daily application. Furthermore, unlike conventional humectants, EPDME caused no problem related to taste even when it was added in large amounts. EPDME is composed of random copolymer of ethylene oxide and propylene oxide. Both EPDME (14/7) with a molecular weight of approximately 1,000 and EPDME (36/41) with a molecular weight of approximately 4,000 keep a liquid form even at a temperature of -5 , and are thus easy to handle. Regarding the solubility in various solvents, Table 1 shows that hydrophilic humectants such as glycerol are insoluble in oil, but EPDME is highly soluble in both water and oils, since it possesses both hydrophilic and lipophilic groups in its molecular structure. When the solubility in water was compared between EPDME (14/7) and EPDME (36/41), it was possible to prepare a 50% aqueous solution of EPDME (14/7) but impossible to prepare a 50% aqueous solution of EPDME (36/41). This is probably because the lipophilicity of EPDME (36/41) is higher than EPDME (14/7) due to the high ratio of propylene oxide to ethylene oxide.
Regarding the effects of EPDME, the data on equilibrium moisture content shown in Fig. 5 suggest that EPDME exerts a high skin moisture-retaining effect comparable to that of glycerol. As shown in Fig. 10 , the use of glycerol in combination with EPDME (14/7) resulted in approximately 40% increase of glycerol permeation through the stratum corneum, probably leading to high moisture-retaining effects to the skin (28). This mechanism seems to explain the significant prevention and improvement of dry skin demonstrated in Fig. 5 , Table 2, and Table 3 .
Because glycerol is insoluble in the oily components of lipsticks, it is impossible to add it to directly lipsticks. Therefore, glycerol has been added in the form of W/O emulsion by using low HLB emulsifier (10) . Since EPDME (36/41) is highly soluble in the oily 373 J. Oleo Sci., Vol. 55, No. 7, 365-375 (2006) T. Ohmori, Y. Yamamura, K. Nakahara et al.
components of lipsticks, it can be added directly to lipsticks (oily bases). EPDME (36/41) thus added to lipsticks showed excellent effects to the lip.
Conclusion
EPDME has shown the following effects: [1] a high moisture-retaining effect without sticky feeling, [2] a preventing effect on dry skin, and [3] an improving effect on dry skin by daily application. It was also found that the application of EPDME in combination with glycerol resulted in a synergistic effect to the dry skin.
When EPDME was formulated to lipsticks (oily bases), a high moisture-retaining effect was found, and daily application of this lipstick improved the lip. These results indicate that the moisture-retaining effects of EPDME can be exerted even when it is added to oily bases such as lipsticks.
As shown in this study, EPDME is easy to handle and shows the skin-care effects either in aqueous base or oily base. This is, therefore, a very useful raw material of cosmetics.
With controlling its polarity and physical properties, this material will be applicable to a wide range of cosmetic formulation.
